We use estimates of the effect of educational achievement-measured by international student achievement tests-on economic growth to simulate the impact of improved achievement for individual EU countries and the EU as a whole. We calculate the present value of improvements in GDP over the life expectancy of a child born today (i.e. until 2090), using a discount rate of 3%. Under plausible assumptions, the present values of the gains from educational reforms for the EU aggregate add up to astounding amounts on the three considered reform scenarios: E35 trillion (288% of current GDP) for an average increase of ¼ standard deviations; E95 trillion (785% of current GDP) for bringing each nation up to the top-performer Finland; and E25 trillion (211% of current GDP) for reaching the official EU benchmark of <15% low-achievers in basic skills by 2020. Seen relative to the present value of GDP over the same period, these gains amount to an average increase in GDP of 4.5-16.8%. The results suggest that EU policies aimed at school attainment goals are misplaced without assurances that student achievement also improves. In fact, economic cohesion within the EU appears to be highly dependent on fostering more equality in achievement across countries. (JEL codes: I20, O40, J24, H40)
Introduction
In its Europe 2020 strategy, the 10-year successor of the Lisbon strategy, the European Council (2010) set out a 'framework for the Union to mobilize all of its instruments and policies' to advance 'jobs and smart, sustainable and inclusive growth'. Education looms high in this strategy, as one of the 'five EU headline targets. . . which will constitute shared objectives guiding the action of Member States and the Union'. This article utilizes recent econometric research to quantify the benefit, in terms of increased future GDP, that the European Union (EU) and its Member States would reap from improved educational achievement. Our results suggest that while improving human capital in EU countries has the potential for substantial economic gain, the specific policy choices emphasized by the EU are less clearly appropriate.
The EU has consistently recognized the importance of educating its citizens, often framed in terms of developing a human capital policy. A prime motivation is ensuring that all citizens within the EU have the skills needed to compete in a modern, integrated society. But the implications of education go beyond the impact on individual ability to compete. Current macroeconomic research about the growth of nations strongly indicates that the future health of an economy depends on the cognitive skills of its workers.
Convenience and data availability most commonly dictated that both past research and policy discussions focused on school attainment, i.e. years of schooling. But the recent work emphasizes what people knowtheir cognitive skills-as opposed to how much time they have spent in schools. Particularly in international comparisons and analyses, direct measures of math and science skills through international tests like TIMSS and PISA prove to be far superior to years of schooling in explaining growth. A corollary of this is that goals about completion levelsincluding Education for All and goals for secondary-school and tertiary-education completion-do not ensure that high levels of human capital are developed, because attainment does not guarantee development of cognitive skills. This raises important concerns about the focus of Europe 2020 benchmarks on early-school leaving and tertiary attainment over benchmarks for basic skills and learning outcomes.
Our analysis uses available estimates of the impact of cognitive skills on economic growth to simulate how future GDPs would evolve under various school reform plans that improved the cognitive skills of each EU country. The analysis is entirely focused on long-term growth, because growth is what affects the future well-being of countries. It uses past history of growth over the period 1960-2000 to provide indication of what future development might be like and specifically of what might be expected from school reform.
These estimates follow the simulations for OECD countries in Hanushek and Woessmann (2011b) and extend that analysis in important ways from an EU perspective. A key feature of this analysis is expansion to the eight non-OECD EU countries for which no previous analysis exists: Bulgaria, Cyprus, Estonia, Latvia, Lithuania, Malta, Romania, and Slovenia. This also allows us to provide projection estimates for the EU as a whole. In addition, we will simulate the effects of an additional school reform plan that is based on the official benchmark of EU policy contained in its current education and training framework (ET 2020) .
The importance for improved educational policies is easily seen. During the past decade, Poland has shown strong improvements in its schools (29 points, or over one-quarter standard deviation, on the PISA reading tests). If the rest of the EU could make similar gains over the next two decades, aggregate community income is projected to increase by E35 trillion (in present value terms), or 288% of current GDP, over the lifetime of a person born in 2010. Increases of this magnitude are difficult to comprehend fully, but, in comparison to projected GDP over the same period, such a gain amounts to an added 6.2%. Other policies, such as bringing all students up to basic levels of achievement, would yield similarly large gains if future growth follows past patterns.
As we have recently seen, attention to economic policies that deal with current demand conditions and with business cycles always seems to take priority. Perhaps this has never been as true as in the past couple of years, when the most obvious focus of attention has been the worldwide recession. Without minimizing the need to deal with current unemployment conditions, the message of this article is that considering issues of longer run economic growth, which are closely intertwined with people's human capital, may be more important for the welfare of nations.
Achieving the gains from schooling investments is dependent on improving skills-and improving skills is not easy. The Europe 2020 strategy of the EU quite appropriately emphasizes the role of education in promoting the growth and development of member countries. But, our analysis points to the central position of developing high-level basic skills and downplays the quantitative goals emphasized by the EU. Simply attending school is not enough if the students are not learning at a high level. It is the learning and not the attendance that must have the highest priority.
Methodological framework
This analysis builds on a large and expanding body of research that considers the growth of economies. Economists have considered the process of economic growth for much of the last 100 years, but most studies remained as theory with little empirical work. Over the past two decades, economists linked analysis much more closely to empirical observations and in the process rediscovered the importance of growth. The analysis here particularly concentrates on the role of human capital. Human capital has been a central focus of much of the recent growth modeling, and it is a standard element of any empirical work.
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The recent literature stresses the importance of accurately measuring human capital. In particular, there is now compelling evidence that consistent measures of cognitive skills are closely related to economic growth. We briefly review the development of models of growth based on cognitive skills and then move to the implications of these.
Existing research on the effect of education on economic growth
The macroeconomic literature focusing on cross-country differences in economic growth has overwhelmingly employed measures related to school attainment, or years of schooling, to test the predictions of growth models. Initial analyses employed school enrolment ratios (e.g. Barro 1991; Levine and Renelt 1992; Mankiw et al. 1992) as proxies for the human capital of an economy. An important extension by Barro and Lee (1993, 2010) was the development of internationally comparable data on average years of schooling for a large sample of countries and years, based on a combination of census and survey data.
The vast literature of cross-country growth regressions has tended to find a significant positive association between quantitative measures of schooling and economic growth.
2 To give an idea of the robustness of this association, an extensive empirical analysis by Sala-i-Martin et al. (2004) of 67 explanatory variables in growth regressions on a sample of 88 countries found that primary schooling was the most robust influence factor (after an East Asian dummy) on growth in GDP per capita in 1960-1996. More recent research that improved on data quality issues in measuring years of schooling also tends to find positive growth effects of years of schooling (de la Fuente and Dome´nech 2006; Cohen and Soto 2007; Barro and Lee 2010) .
However, average years of schooling is particularly incomplete and potentially misleading measure of education for comparing the impacts of human capital on the economies of different countries. It implicitly assumes that a year of schooling delivers the same increase in knowledge and skills regardless of the education system. For example, a year of schooling in Kyrgyzstan (the country with the lowest performance in the PISA 2006 science assessment) is assumed to create the same increase in productive human capital as a year of schooling in Finland (the country with the highest performance in the PISA 2006 science assessment).
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Additionally, this measure assumes that formal schooling is the primary (sole) source of education and that variations in non-school factors have a negligible effect on education outcomes. This neglect of cross-country differences in the quality of education and in the strength of family, health, and other influences is probably the major drawback of such a quantitative measure of schooling.
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For extensive reviews of the literature, see, e.g. Topel (1999) ; Krueger and Lindahl (2001) ; Temple (2001) ; Sianesi and Van Reenen (2003). 3 Note that there are also problems within individual countries if school quality changes over time. For the sample of countries participating in the International Adult Literacy Survey (IALS), there is evidence of considerable change in quality within countries; see Hanushek and Zhang (2009). Over the past 10 years, empirical growth research demonstrates that consideration of cognitive skills dramatically alters the assessment of the role of education and knowledge in the process of economic development. Using data from international student achievement tests in multivariate cross-country growth regressions, Hanushek and Kimko (2000) demonstrate a large positive effect of cognitive skills on economic growth in . The relationship between cognitive skills and economic growth has now been demonstrated in a range of studies. As reviewed in Hanushek and Woessmann (2008, 2011a ), a number of recent studies employ measures of cognitive skills that draw upon the international testing of TIMSS and PISA (along with earlier versions of these) in order to assess the human capital differences across countries. The uniform result of the empirical analyses is that the international achievement measures provide an accurate measure of the skills of the labor force in different countries and that these skills are closely tied to economic outcomes. 
Basic empirical growth model
The basic analytical approach to measuring human capital that underlies our analysis here is to combine data from international tests given over the past 45 years to develop a single comparable measure of skills for each country that can be used to index skills of individuals in the labor force.
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While the PISA tests are now well-known, the history of testing is less understood. Between 1964 and 2003, 12 different international tests of mathematics, science, or reading were administered to a voluntarily participating group of countries (see Hanushek and Woessmann 2011a for details). These include 36 different possible scores for year-age-test combinations (e.g. science for students of Grade 8 in 1972 as part of the First International Science Study or mathematics of 15-year-olds in 2000 as a part of the Programme on International Student Assessment). Only the USA participated in all possible tests. Hanushek and Woessmann (2009) aggregate all of the available test information for each country into a single measure of cognitive skills. In order to do this, US scores on the international tests are benchmarked to the pattern of scores for US students on their own National Assessment of Educational Progress. The variance of the international scores is adjusted 4 Note that this does not mean that individuals learn nothing after age 15 years, but rather that what they have learned in school is a good predictor for the accumulation of further skills in life and the capacity to deploy these skills effectively.
The clear empirical objective is obtaining a measure of the skills of the workforce. The testing information for students is used to proxy the skills of workers. This construction causes no problems if the relative performance of individuals in different countries has remained constant, but it could introduce problems if that is not true.
to variations in scores across a set of OECD countries with stable schooling system. 6 These two transformations of the tests allow calibrating all of the international results to a common scale. The available tests for each country are then averaged to produce the composite measure of cognitive skills for the analysis of economic growth.
Ideally, one would want the level of test performance for the workers in the economy, and not just the test performance of students who range in age from roughly 10-to 18-years old. The analysis assumes that the average scores observed for students are a good proxy of labor-force skills. This assumption would clearly be satisfied if the educational outcomes within countries remain roughly constant. There is some indication that this is not completely true (see Hanushek and Woessmann 2009 ). Nonetheless, in one set of tests, scores before 1984 are linked to growth from 1980 to 2000, thus getting the timing closer to ideal, and the estimated effects are somewhat larger than found for the full period (Hanushek and Woessmann 2009 ). In general, this kind of measurement error will tend to lead to estimates of the impact of skills that is biased downward.
The extended empirical analysis underlying our analysis here relates long-term growth to cognitive skills and other aspects of national economies, relying upon an international data set for up to 50 countries (Hanushek and Woessmann 2009 ). These countries have participated in one or more of the international testing occasions between 1964 and 2003 and have aggregate economic data for the period 1960-2000. 7 The underlying statistical model relates average annual growth rates in real GDP per capita over the 1960-2000 period to GDP per capita in 1960, various measures of human capital (including the cognitive skills measure), and other factors that might influence growth. The inclusion of initial GDP per capita simply reflects the fact that it is easier to grow when one is farther from the technology frontier, because one just must imitate others rather than invent new things. Real GDP is measured on a purchasing power parity (PPP) basis. The empirical approach is consistent with a growth model based on the generation of ideas and new technologies (e.g. Romer 1990)-which seems consistent with the perspective and measurement of cognitive skills.
Within macroeconomics, however, there are alternative models of the growth process. A leading alternative to the endogenous growth models that we estimate and simulate below, is the neoclassical growth model that views human capital as one of the inputs to the aggregate production process, as opposed to the determinant of the underlying rate of technological progress (Mankiw et al. 1992) . 8 In this alternative, differences in cognitive skills would not affect the long-run growth rate but instead would relate directly just to the steady-state level of income that an economy would achieve in the long run. In our analysis below, we can easily provide the neoclassical alternative, which we view as a lower bound on the future GDP impacts of an improvement in cognitive skills.
The basic estimates are easiest to see in Figure 1 that displays the relationship between our measure of cognitive skills and economic growth Own depiction based on the database derived in Hanushek and Woessmann (2009). rates and that highlights the OECD countries that are central to the analysis here.
9 Two things are apparent from this. First, there is a strong positive relationship such that countries with higher measured cognitive skills grow faster. Second, the countries are all relatively close to the line, indicating that we explain most of the variation in growth rates across countries.
The underlying statistical estimates that are employed here relate growth rates of GDP per capita to the initial level of GDP per capita, the years of school attainment, and the level of cognitive skills measured by mathematics and science scores on available international exams. Here, the basic estimation employs a sample of 24 OECD countries for which appropriate economic data are available for the period of 1960-2000, although estimates for the expanded sample of 50 countries are very similar. The basic model estimated for the 24 OECD countries is: . Absolute values of t-statistics are reported in parentheses.
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The empirical growth model indicates a powerful effect of cognitive skills on growth. The estimated coefficient on cognitive skills implies that an improvement of one-half standard deviation in mathematics and science performance (i.e. 50 points on the PISA scale) at the individual level would by historical experience yield an increase in annual growth rates of GDP per capita of 0.93 percentage points. While more detail is provided about these improvements below, suffice it to say that Finland was approximately one-half standard deviation above the OECD average over the [2000] [2001] [2002] [2003] [2004] [2005] [2006] period. This historical impact suggests a very powerful response to improvements in educational quality.
In such estimation, it is obviously difficult to be certain that the relationship is causal in the sense that increasing achievement would yield 9 This figure plots the effect of cognitive skills on growth after allowing for difference in initial income (GDP per capita in 1960) and school attainment.
The sources of data and the calculation of cognitive skills are described in detail in Hanushek and Woessmann (2009) . The estimates presume that GDP/capita 1960 , C, and S are the systematic determinants of growth rates and that other factors that might explain growth are uncorrelated with these. Moreover, C is assumed to cause G, and not the other way around. For more detailed analyses supporting the modeling framework, see Hanushek and Woessmann (2009) . For the specific model of the OECD sample, see Table 2 in Hanushek and Woessmann (2011b). increased long run growth, but Hanushek and Woessmann (2009) perform a set of analyses that rule out the most significant threats to a causal interpretation. In the most straightforward analysis, conditioning on additional measures that might be conceived to be related to growth, such as economic institutions, geographical location, political stability, capital stock, and population growth, does not change the result of a significant impact of cognitive skills. Perhaps more surprisingly, additional resources in the school system, which might become affordable with increased growth, are not systematically related to improved test scores (see also Hanushek and Woessmann 2011b) . While beyond the scope of this analysis, Hanushek and Woessmann (2009) pursue a variety of tests that support a causal interpretation and also suggest that schooling can be a policy instrument contributing to economic outcomes. 
The simulation approach
The empirical analysis of growth provides an indication of the long-run impact on growth rates of a labor force with varying skills as measured by mathematics and science scores. This long-run relationship does not, however, describe the path of benefits from any program of changing the skills of the population. A variety of policies could improve the cognitive skills of the population-including health programs, schooling programs, the introduction of new teaching technologies, and the like. We begin by showing the economic impact of policies that would raise cognitive skills. For these simulations, it does not really matter how skills are improved, but we motivate these calculations by thinking in terms of schooling changes.
It is important to understand the dynamics of economic impacts of such programs. Three elements of the dynamics are particularly important: First, programs to improve cognitive skills through schools take time to implement and to have their impact on students. Second, the economic 11 To rule out simple reverse causation, they separate the timing of the analysis by estimating the effect of scores on tests conducted until the early 1980s on economic growth in 1980-2000, finding an even larger effect. Three further direct tests of causality were also devised to rule out certain alternative explanations based on unobserved country-specific cultures and institutions confirm the results. The first one considers the earnings of immigrants to the USA and finds that the international test scores for their home country significantly explain US earnings but only for those educated in their home country and not for those educated in the USA. A second analysis takes out level considerations and shows that changes in test scores over time are systematically related to changes in growth rates over time. A third causality analysis uses institutional features of school systems as instrumental variables for test performance, thereby employing only that part of the variation in test outcomes emanating from such country differences as use of central exams, decentralized decision making, and the share of privately operated schools. impact of improved skills will not be realized until the students with greater skills move into the labor force. Third, the economy will respond over time as new technologies are developed and implemented, making use of the new higher skills.
In order to capture these elements, a simple simulation model is developed. These simulations follow the development in Hanushek and Woessmann (2010, 2011b) but extend those results to cover the EU instead of remaining just in the OECD and to simulate a particular EU benchmark program. The underlying idea is that a more skilled labor force leads to high long-run economic growth through the regular generation of new ideas and production processes. The simulations thus rely on an endogenous growth model framework where growth rates can be permanently increased by having a higher skilled population. As noted above, however, economists have also developed alternative models of growth that do not portray the long-run growth rate as a function of human capital. After our preferred endogenous growth simulations, we therefore also provide simulations based on a neoclassical growth framework but these different perspectives have limited impact on the policy bearing of our estimates.
Moving from one quality level to another of the workforce depends on the shares of workers with different skills. As such, the impact of skills on GDP at any point in time will be proportional to the average skill levels of workers in the economy. The expected work life is assumed to be 40 years, which implies that each new cohort of workers is 2.5% of the workforce. Thus, even after an educational reform is fully implemented, it takes 40 years until the full labor force is at the new skill level.
In order to consider the impacts of improvement on EU countries, the simulations rely on the estimates of growth relationships derived from the 24 OECD countries with complete data. As indicated above, these estimates suggest that a 50 point higher average PISA score (i.e., one-half standard deviation higher) would be associated with 0.93 percent higher annual growth. (Note, however, that using the estimation results from the larger 50 country sample would yield only minor differences in the results).
The simulations are conducted for all of the EU countries. There are eight non-OECD EU countries (for which no previous analysis of growth exists): Bulgaria, Cyprus, Estonia, Latvia, Lithuania, Malta, Romania, and Slovenia. These countries could not be included in the previous growth analysis because we were generally missing both historic economic information and test information. We do have current information on both economic status and test scores. The testing information for the expansion of countries is all very recent, however. Just two of the expansion countries participated in international testing before 2006: Bulgaria in 2002 and Latvia in 2000 and 2003. We therefore generally rely on the 2006 PISA scores as the measure of cognitive skills for the simulations in this paper (see Appendix A for details). Note, however, that Cyprus and Malta are special cases, because they did not participate in PISA, and, as described in Appendix B, we use TIMSS data to estimate their achievement scores.
We make the simple assumption that the future growth of newly-added EU members follows the established pattern of the OECD. This of course may be a strong assumption, especially for the former Communist block countries, where the prior economic systems distorted the economies from the OECD model. Nonetheless, these countries have had about two decades to make the economic transition, providing reason to believe that their future evolution will look more like OECD countries than like their own past.
The simulations assume that each country can simultaneously grow faster. In other words, the higher levels of human capital in each country allow it to innovate, to improve its production, and to import new technologies without detracting from the growth prospects for other countries. 12 They also assume that, ultimately, all OECD countries have access to the same technology. Further, the estimates ignore any other aspects of interactions such as migration of skilled labor across borders. (Of course, one way that a country could improve its human capital would be by arranging for its youth to obtain schooling in another country with better schools-as long as the more educated youth return to their home country to work). Furthermore, the simulations assume that all countries have a stationary population with a constant age distribution, so as not to compound the effects of education reform with those of demographic change.
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The simulation does not adopt any specific reform package but instead focuses just on the ultimate change in achievement. For the purposes here, reforms are generally assumed to take 20 years to complete, and the path of increased achievement during the reform period is taken as linear.
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Rather than being negative, the spillovers of one country's human capital investments on other countries could also be positive. For example, if one country pushes out the world technological frontier by improving its human capital, other countries can gain from this by imitation and reach a higher productivity level. No attempt is made to consider how technological change occurs and the impact on wages and earnings. Obviously, different patterns of productivity improvements will play out differently in the labor market as seen in the USA over time (Goldin and Katz 2008) .
For example, an average improvement of 25 points on PISA is assumed to reflect a gain of 1.25 points per year. This might be realistic, for example, when the reform relies upon a process of upgrading the skills of teacherseither by training for existing teachers or by changing the workforce through replacement of existing teachers. This linear path dictates the quality of new cohorts of workers at each point in time.
The dynamic nature of reform on the economy implies that the benefits to the economy from any improvement continue to evolve after the reform is completed. Perhaps the simplest way to see the impact of any improvement in cognitive skills is to trace out the increased GDP per capita that would be expected at any point in the future. Thus, for example, it is possible to say what percentage increase in GDP per capita would be expected in 2050, given a specific change in skills started today, since the prior work indicates the marginal changes in growth rates that would be expected from higher skills.
An alternative approach is to summarize the economic value of the entire dynamic path of improvement in GDP per capita. For all countries, we begin with GDP at current market prices for 2010.
14 Our analysis assumes that, in the absence of education reform, EU economies will grow at a rate of 1.5% per year. 15 It considers all economic returns that arise during the lifetime of a child that is born at the beginning of the reform in 2010, which means a time horizon until 2090 and neglecting any returns that accrue thereafter.
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While economic benefits accrue at varying times into the future, more immediate benefits are both more valuable and more certain than those far in the future. Due to this, the entire stream is converted into a present discounted value, which is the current dollar amount equivalent to the future stream of returns calculated from the growth model. If we had that amount of funds and invested it today, it would be possible to reproduce the future stream of economic benefits from the principal amount 14 These initial GDP estimates rely upon European Commission projections of 2010 GDP, using purchasing power parity (PPP) calculations to standardize across countries to billion Euros (see Appendix A).
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This is simply the average annual growth rate of potential GDP per worker of the OECD area over the past two decades: 1.5% in 1987-1996 and 1.4% in 1997-2006 (Organisation for Economic Co-operation and Development 2009a). and the investment returns. We follow precedents in the literature to use a discount rate of 3 percent for our projections.
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3 Results on the benefits of improved educational achievement
The implications of improving cognitive skills of countries are best seen by looking at a series of scenarios that represent plausible goals for decision makers in individual countries. The first two scenarios represent a modest and a more ambitious overall goal, 18 and the third scenario simulates a specific policy benchmark of the European Commission.
A number of assumptions go into these calculations. First, they assume that skills play the same role in the future as they have in the past, so that the evidence of past results provides a direct way to project the future. Second, while the statistical analysis did not look at how economies adjust to improved skills, the calculations assume that the experience of other countries with greater cognitive skills provide the relevant insight into how the new skills will be absorbed into the economy. For example, 3% is a standard value of the social discount rate used in long-term projections on the sustainability of pension systems and public finance (e.g. Bo¨rsch-Supan 2000; Hagist et al. 2005) . This order of magnitude is also suggested as a practical value for the social discount rate in cost-benefit analysis in derivations from optimal growth rate models (Moore et al. 2004) . In contrast, the influential Stern Review report that estimates the cost of climate change uses a discount rate of only 1.4% (Stern 2007) , thereby giving a much higher value to future costs and benefits, which in our case would lead to substantially higher discounted values of the considered education reforms than reported here. Hanushek and Woessmann (2011b) present projections based on several alternative model parameters, time horizons, and discount rates.
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These first two replicate scenarios simulated for the OECD in Hanushek and Woessmann (2011b) but extend them to the full EU community. A third scenario reported there, of bringing all students to a minimum competency level of 400 PISA points, is reported for the EU in Appendix C, as it is close in spirit to the EU benchmark scenario reported here as Scenario III.
CESifo Economic Studies, 58, 1/2012 85 Economic Benefit of Educational Reform in EU While this is a relatively modest reform scenario, it has a dramatic impact on all of the EU countries. A policy like this is uniform across countries, so the relative improvement is the same for all countries. While there are no impacts initially until higher achieving students start becoming more significant in the labor market, GDP will be more than 3% higher than what would be expected without improvements in human capital as early as 2041. The impact rises to a 5.9% improvement in 2050 and 15.3% in 2070. By the end of expected life in 2090 for the person born in 2010, GDP per capita would be expected to be about 26% above the 'education as usual' level. These dynamic improvements in the economy yield on-going gains to society, and the appropriate summary of the impact of educational improvements accumulates the value of these annual gains.
After all people in the labor force have obtained the new and improved education (in 2070), annual growth will be 0.47 percentage points higher. This implies that each country that achieves the average improvement of ¼ standard deviation of achievement will have a cumulative impact on the economy through 2090 that is equal to 288% of current year GDP. The discounted values of all of the future increases through 2090 for each EU country imply that the gain for the full set of EU nations totals E35 trillion in present value (Table 1) . Of this, E4 trillion would go to the smaller accession nations that joined the EU after the base set of 15 nations. Normalized against the discounted value of the projected future GDPs of the EU countries over the same time span (until 2090), the overall effect amounts to a 6.2% increase in discounted future GDPs. Table 1 also shows the gains to each of the EU economies from this kind of improvement. The absolute magnitude of the gains depends directly on the size of the economy in 2010. Thus, Germany shows the largest gainwith a present value of over E6 trillion-and France and the UK realize gains of about E5 trillion (Figure 2) . But relative to the size of its economy, the over E100 billion gain by Lithuania is a dramatic change.
Scenario II: bring each country to Finland average level
Perhaps the most ambitious reform would be to bring all EU students up to the average level of Finnish students (556 points on PISA 2006). This is obviously a large move, perhaps unrealistic, for some of the lower performing countries such as Bulgaria, Cyprus, and Romania that would have to move their average performance by more than 125 points on PISA. Nonetheless, Finland shows clearly what is possible with a well-functioning educational system (including both schools and other institutions).
Under this scenario, the ultimate percentage gain to GDP differs across countries depending upon how far they are behind Finland and thus how far they have to move. (Note also that Finland would not change under this scenario). Table 2 provides data on each of the EU countries in terms of the GDP gains. The table provides both the magnitude of the change (in terms of absolute and percentage levels of GDP). It also indicates the change in long-run growth rates predicted to accrue to each economy once its entire workforce has reached the higher skill level. On average, annual EU growth rates would be about one percent higher, reflecting the fact that the average gap with Finland is slightly more than one-half standard deviation on the PISA tests. Across the whole EU, the present value of this educational reform would amount to E95 trillion, or more than 7 times the current GDP of the EU and about 17 percent of the discounted future GDPs over the same time span. Figure 3A and B provide two different ways to look at the country-specific gains. The first figure shows the absolute gains, with Italy being at the top due to the combination of the size of its economy and the amount of improvement called for to equal Finland. But, if one looks at the gains compared to the size of the economy, the largest gains accrue to Romania, Bulgaria, and Cyprus-the countries farthest away from Finland in terms of cognitive skills. Romania would, for example, see long-term gains that were over 20 times its current GDP.
3.3 Scenario III: achieve the EU benchmark 2020 of low achievers in basic skills The third scenario comes from the quality goal set out by the EU in its Lisbon and post-Lisbon objectives in education and training: 'By 2020 the percentage of low-achieving 15-year-olds in reading, mathematics, and science literacy in the EU should be <15%' (See Commission of the While the previous simulations could be thought of as displaying the results of shifting the entire achievement distribution, this scenario Table 2 .
considers the implications of a 'compensatory' improvement that brings up the bottom of the distribution.
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One substantial element of this goal is that it is set for 2020. This would imply a 10-year reform plan that in turn means that the economic benefits are both larger and seen earlier than from the same policy change enacted as a 20-year reform. Although the EU policy benchmark is defined as a benchmark for the EU as a whole, rather than for each Member State individually, for practical purposes we model the simulation so that each Member State reaches the benchmark within its respective country, thereby contributing to a Union-wide fulfillment.
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The changes under this reform policy are more modest than those under the full compensatory scheme reported in Appendix C. Specifically, the 15% leeway implies that a number of EU countries currently do better than this goal.
The impact on long-run growth is an increase in annual growth rates of 0.27% and an aggregate gain in present value terms of E25 trillion (Table 3 ). While smaller in total impact than the previous reform programs, the average gain compared to GDP would be more than twice the current GDP. And, as a plan aimed at the lower end of the cognitive skill distribution, the new EU countries-who on average have lower achievement than the EU-15 set-show disproportionate gains under this scheme.
The range of outcomes is depicted in Figure 4A that ranks countries by the benefits in terms of absolute increases in GDP and Figure 4B that puts this in terms of percentages of current GDP. Note that gains relative to current GDP are even more skewed in this scenario with modest changes for a large portion of the EU states and very large changes for a few. Less than half of the EU states get gains in present value terms that exceed their current GDP. 20 In order to understand the implications of changing just one portion of the achievement distribution, an alternative estimation of the underlying economic growth models is employed. Specifically, instead of relying on just average cognitive skills in the growth models, the proportion of the population with scores less than 400 and the proportion with scores over 600 are included in the growth models. (See Hanushek and Woessmann (2009) for a discussion of this estimation). We use the estimates of the impact of reaching 400 points as the basis of this work, assuming that the results will not be that different than using the slightly higher Level 1 cut-offs, given that both are just defined in terms of changes in the shares of students reaching the level.
In reality, rather than aiming to reach the benchmark within each Member State, Member States are currently setting their own targets of how they will contribute to the European benchmark. This way, the most advanced countries would also contribute to the achievement of the benchmark, lightening the strain on the least advanced countries. The ambiguity of such a procedure makes it hard to model the practical implementation of the scenario (and also makes it hard for the Member States to take political ownership of this benchmark in the political process). Scenario I above depicts a reform where all Member States contribute an equal improvement to the total scenario. Notes: Discounted value of future increases in GDP until 2090, expressed in billion E (PPP), as percentage of current GDP, and as percentage of the discounted value of projected GDPs in 2011-2090 without a reform. 'Long-run growth increase' refers to increase in annual growth rate (in percentage points) once the whole labor force has reached higher level of educational performance. 'Share of students below minimum skills' refers to the share of students in each country performing below the minimum skill level of 400 PISA points. For reform parameters and additional details of the projection model, see text and Hanushek and Woessmann (2011b) .
Alternative projections with the neoclassical growth model
The previous projections employed a specification that captures the basic ideas of endogenous growth theory, where a better-educated workforce leads to a larger stream of new ideas that produces technological progress at a higher rate. In contrast, in the neoclassical growth model, changes in test scores lead to higher steady-state levels of income but do not affect the long-run growth path. In such models, countries that improve their http://cesifo.oxfordjournals.org/ cognitive skills would enjoy higher growth initially as they converge to a new, higher level of income but then would see growth fall over time to their previous long-run growth rate. We can easily simulate such models by using a slightly different empirical specification. We re-estimate our growth model with the logarithmic (rather than linear) initial value of per-capita GDP as control. The test-score coefficient hardly changes in this specification (1.72 rather than 1.86), and the coefficient on log initial income is À1.84. This estimated convergence rate of 1.8% is very close to the one expected under standard parameter assumptions in the augmented neoclassical growth model (Mankiw et al. 1992) , implying that an economy moves halfway to its steady state in about 38 years. We assume that in the aggregate, the three countries with the largest shares of patents in the world-the USA, Japan, and Germany-grow at the long-run growth rate of 1.5% without reform.
22 Table 4 shows the results of the projections based on the neoclassical model specification for each of the EU countries. In reform Scenario I, where each country increases by 25 PISA points, the value of the reform amounts to E28 trillion in present value terms. The noteworthy fact is that over the time horizon of our projections until 2090, the difference between the neoclassical and the endogenous growth model has relatively minor political meaning. This lower bound estimate places the aggregate addition to GDP at 234% of current EU GDP. This amounts to 4.4% of the present value of GDP over the 80-year period, as opposed to 6.2% under the endogenous growth simulations.
In reform Scenario II, where each country improves to the test-score level of Finland, the present value of the reform amounts to E72 trillion in the neoclassical model, compared to the previous E95 trillion in the endogenous growth model-or almost exactly six times current GDP. The present value of reform Scenario III, which cuts the percentage of low-achieving students to <15 percent, is E22 trillion in the neoclassical projections, rather than E25 trillion in the endogenous-growth type projections. Again, the difference over our time horizon of projections is limited.
Several factors contribute to the closeness of the estimates over our time period for the impact of improvements in cognitive skills based on the two different growth models. First, our reform scenarios gradually introduce changes, due to the lags for the policy to become fully effective and for the 22 For more details of these simulations and their interpretations, see Hanushek and Woessmann (2011b) . Notes: Discounted value of future increases in GDP until 2090, expressed in billion E (PPP) and as percentage of the discounted value of projected GDPs in 2011-2090 without a reform. For reform parameters and additional details of the projection model, see text and Hanushek and Woessmann (2011b) .
CESifo Economic Studies, 58, 1/2012 95 new, better-educated workers to change the average skills of the labor force. Our projections from the time after policies are fully felt involve just 20 years, a time too short to have huge differences in the implications of the alternative models. Second, the biggest impacts of the differences across the alternative models occur in the distant future, and thus the impact is lessened by discounting to obtain present values and by disregarding any returns that might accrue after 2090. Third, even ignoring discounting, the estimated convergence parameters of the neoclassical growth model imply very long periods before any country returns to its balanced growth path following a perturbation because of policy.
Implications for the Member States in Eastern Europe
It is particularly interesting to look at the projection results for the Member States that joined the EU after 2003, the 'Eastern Enlargements' group: Bulgaria, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, Slovakia, and Slovenia (plus Cyprus and Malta as special cases). Due to their Communist background, we know relatively little about the long-term economic past of most of the Eastern European countries. Since several of them are not members of the OECD, there also were no projections previously available for this group. The projections for the Eastern European countries are particularly illuminating as these countries are missing the long-run past experience of the educationeconomy link in a free economy that are available for the OECD countries. By building on the observed nexus in OECD countries and combining it with current information on educational achievement levels in the Eastern European countries, we learn about the future growth potential of educational reforms in these countries. The prior discussions have noted the fact that a group of these countries has done very poorly on the PISA tests and therefore could be expected to make huge gains from improving their schools. Bulgaria, Cyprus, Malta, and Romania are at the bottom of the EU in terms of performance on educational achievement tests. Consequently, they have the potential to profit most from bringing their levels of educational achievement to levels more standard for other EU countries.
But there is another group of enlargement countries that has done very well. Estonia and Slovenia have the second lowest proportion of students below 400 points of all of the EU countries. Indeed, half of the enlargement countries do better by this measure than the average of the preenlargement group of 15 countries. Thus, the story on cognitive skills and deficits in learning is not a simple one of pre-and postenlargement.
Priorities and policies of the EU
The new Europe 2020 strategy of the EU quite appropriately emphasizes the role of education in promoting the growth and development of member countries. As our analysis indicates, the central feature of long-term economic progress is the human capital of a country. But, our analysis also points to the central position of developing high-level basic skills. Simply attending school is not enough if the students are not learning at a high level.
The EU has policy advice and goals for education and training across the entire lifecycle of individuals-beginning with preschool opportunities and going through adult ages with lifelong learning. Again, it is appropriate to consider what might be done at all ages, but that of course does not imply that setting priorities in policies should be ignored. Specifically, as we discussed above, the evidence points strongly to an emphasis on the development of strong basic skills, which in turn points to the key role of primary and secondary education.
In its Europe 2020 strategy, the European Council (2010) chose to quantify its two 'headline targets' in the area of education as merely quantitative measures of education levels: It adopted the targets to 'reduce school drop-out rates to less than 10%' and to increase 'the share of 30-34 years old having completed tertiary or equivalent education to at least 40%'. While we appreciate the well-placed recognition of the leading role of education in the new European strategy for jobs and growth, existing research clearly indicates that a focus on targets of quantitative attainment rather than measured learning outcomes is significantly misaligned with the evidence. As discussed above, it is the learning outcomes that matter for long-run growth, and once they are taken into account, there is no significant relation of educational attainment with growth. Therefore, a focus on attainment rather than learning outcomes is unlikely to bring the gains in job-creating growth that the Europe 2020 strategy hopes for and may even lead to considerable harm if it distracts nations' attention from active policies to improve the quality of schools.
The two Europe 2020 headline targets were drawn from a set of five benchmarks that the Council had adopted in the Strategic Framework for European Cooperation in Education and Training (ET 2020) in 2009 (see Commission of the European Communities 2009). One of those benchmarks, to reduce the share of low-achieving 15-year-olds in reading, mathematics, and science literacy in the EU <15%, is the basis for our Scenario III projections. Our results show that, as opposed the headline targets, an alternative focus on qualitative achievement could reap enormous gains in long-run economic growth and enhanced economic performance over the remainder of the century.
The emphasis on quality that underlies our measures of cognitive skills does introduce a more difficult set of policy issues for EU countries. In many ways, goals framed in terms of school attainment and quantity of schooling are both easier to monitor and easier to attain. Leaving aside the monitoring issues, deciding on the policies that will lead to accomplishment of the qualitative goals presents significant problems.
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The issues are in fact highlighted by the EU long-term strategic goals in education and training of 'improving the quality and efficiency of education and training'. 24 The introduction of the importance of efficiency of spending on education-an obvious reality as most EU nations face significant fiscal pressures-indicates immediately that spending priorities across different parts of the lifecycle are necessary. On this, there is a substantial body of literature, as summarized by Cunha et al. (2006) , that demonstrates the importance of early learning. In simplest terms, early learning is complementary to later learning, so that, say, what is learned in tertiary education depends on the quality of primary and secondary education. This complementarity also appears to explain why the amount of tertiary education is not related to economic growth across the OECD once the level of earlier learning is accounted for (Hanushek and Woessmann 2011b) . Evaluations of investments in job training generally find low returns to such training, and, while not directly considering the complementarity with earlier learning, can be interpreted in a similar vein (Heckman LaLonde and Smith 1999) .
This logic does not, of course, say that no spending should go toward tertiary education or lifelong learning. It just indicates that concentrating on basic skills should receive a priority in terms of overall allocation of resources and the efficiency of their use. One interpretation of the past evidence on the (lack of) success in later education is that it is simply very difficult and costly to make up for basic skills past the normal period of primary and secondary schooling. On monitoring of the achievement goals, the PISA testing of the OECD provides reliable information every 3 years with the caveat that a few EU members have not participated in PISA. The EU has conducted annual reporting on progress (e.g. Commission of the European Communities 2011), but most significant education policies involve longer cycles, and the 3-year reporting of PISA results is not a huge problem. more job-related skills, they will be better able to find employment. Two aspects of this policy thrust are related to our work here. First, the previous analysis suggests that any vocational training programs should not skimp on the development of basic skills. Second, if higher economic growth is achieved such as described above, there may be an adverse impact from having an expanded development of vocational education. Specifically, developing the firm-specific skills that makes workers more immediately attractive in the labor force may make them less adaptable when technology changes-as is generally the case with economic growth. Hanushek Woessmann and Zhang (2011) find that employment later in the lifecycle falls for vocationally trained workers-particularly in the countries with the greatest use of firm training programs. 25 Both concerns suggest caution in the expansion of vocational education and training.
When we return to policies relevant for basic skills, we nonetheless face the same efficiency issues. There is ample evidence that resources alone bear little relationship to student outcomes. 26 For a graphic illustration of 
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On the production side of the same issue, Krueger and Kumar (2004) suggest that firms-facing high re-training costs for workers-might make choices of technologies that lower overall economic growth for countries.
this, we need only to compare PISA performance with average class size across countries as in Figure 5 . The fact that there is a perfectly flat lineindicating that the PISA score is unrelated to differences in class sizes within the relevant range-is consistent with a large body of existing research. These findings lead to a simple conclusion that how money is spent is much more important than how much is spent. But there is considerable uncertainty about any policy that is uniformly successful. In looking across very different schooling systems, Mourshed et al. (2010) find considerable local variation in how schools get better, and these variations are related to how developed the country and its education system are.
Our previous investigation indicates that a key ingredient is the institutional structure that conditions the incentives that exist for local schools. For example, having a good examination and accountability system appears important, as does more parental choice of schools (Hanushek and Woessmann 2011b ).
Yet, the analysis of institutions also shows that country-specific variations are important. For example, in advanced countries with well-developed economic and educational institutions, allowing more local autonomy in decision making generally leads to achievement gains ). But at lower levels of economic development and educational performance-of the level of several EU countries-local decision-making authority appears to detract from achievement.
From evaluations of local programs in various countries, it becomes clear that few if any programs have uniformly strong impacts on achievement. In other words, local capacity and local context seem to affect how well any particular program works. If this characterizes the policy situation more generally, the answer appears to lie in developing a 'system of continuous improvement'. Instead of looking for universal programs, decision makers-at the country level or at the local authority levelwould always introduce new programs in ways that permitted evaluation of their effectiveness. Those programs that raised achievement would be retained, while those that did not would be modified or dropped. In that way, schools would move toward higher achievement through the development of local programs that were successful.
Conclusions
This article quantifies the long-term economic benefits that the EU could reap by improving educational achievement. Economic research over the past decade indicates that educational achievement, as measured by international student achievement tests, has a strong and consistent effect on the long-run economic growth of nations. We project the growth potential that the EU could unlock by successful educational reform.
Three aspects of this analysis stand out. First, the gains from improving cognitive skills are, by past history, enormous. As summarized in Table 5 , the present value of improved economic performance from feasible programs is much larger than the size of EU nations' annual GDPs. In particular, the aggregate gains in our preferred endogenous growth formulation for the EU range from E35 trillion (288% of current GDP) for an average increase of ¼ standard deviations in student achievement (25 PISA points), to E95 trillion (785% of current GDP) for bringing each nation's educational achievement up to top-performing Finland, and to E25 trillion (211% of current GDP) for reaching the official EU benchmark of <15% low-achievers in basic skills by 2020. The second row of the table shows these gains relative to future GDP (without reform). The modest increase of 25 PISA points yields an increase of 6.2% over the no-reform GDP. Moreover, as the bottom half of Table 5 shows, the magnitude of these gains is not an artifact of the way the growth models are formulated. In the lower bound estimates from the neoclassical model, the aggregate gains across the scenarios are still estimated to be at least E22 trillion (3.5% of accumulated future GDP) and an enormous E72 trillion (11.3% of accumulated future GDP) from all countries coming up to Finland in cognitive skills.
Second, disparities in incomes across the EU are significantly related to the human capital and cognitive skills of the different countries. An implication of this is that policies to improve the achievement of students in lower performing countries could work to reduce existing income differentials. But, the opposite is also true. Without reducing the differences in achievement, there is little hope of bringing about more equality in the economic well-being of EU countries and citizens. Third, it is hard to get these gains. The kinds of policies that have been pursued in the past have not been generally effective. As noted in Commission of the European Communities (2011), from 2000 to 2009 the proportion of low performers in reading literacy aged 15 years only decreased from 21.3% to 20.0% (after having increased to 24.1% in 2006). Thus, getting everybody <15% by 2020 would require noticeably more rapid improvement than recently observed. While some nations have shown that it is possible to improve-Finland and Poland are good examples-many have simply put more resources into a system that does not respond. Indeed, a wide variety of policies have been implemented within various countries without much evidence of success in either achievement or economic terms.
We believe that the disappointing results of the past generally reflect pursuing policies for which there is little empirical support. (See Hanushek and Woessmann 2011b for an extensive discussion of available evidence on different policy options to improve educational achievement.) Clearly, research on how school policy can successfully advance educational achievement is an expanding field that still leaves many open questions. At the same time, our reading of the available evidence is that institutional reforms-in particular in the areas of competition, autonomy, and accountability-that create incentives for improving outcomes and focus in particular on teacher quality have substantial potential to create the kinds of learning gains that our results show to be linked to immense long-term economic benefits. Within these broad areas, however, any specific institutions and policies within them must be developed over time to take advantage of the strengths of local schools.
Change is clearly difficult, but the rewards for change are very large. Passing up major reform policies because they are too difficult is passing up extraordinarily large economic benefits. To reap these benefits, education policy requires a clear focus on learning outcomes, rather than mere school attainment. Current educational goals need to be transformed into a 'Quality Education for All'-for example, replacing the current Education for All goal of the international community that focuses much more on school attainment.
Significantly improving the schooling system often faces serious political obstacles. The gains come only in the future-after students have left school and become a significant proportion of the workforce-and outside of the electoral cycle for most politicians. As a result, it is often easier to focus on the short run, leaving the larger policy decisions that affect the long run until some later day. The present analysis shows vividly that such myopia is very, very costly.
